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ABSTRACT

Background: Functional assessments are conducted in both clinical and athletic settings in an attempt to identify those individu-
als who exhibit movement patterns that may increase their risk of non-contact injury. In place of highly sophisticated three-
dimensional motion analysis, functional testing can be completed through observation.

Hypothesis/purpose: To evaluate the validity of movement observation assessments by summarizing the results of articles com-
paring human observation in real-time or video play-back and three-dimensional motion analysis of lower extremity kinematics
during functional screening tests.

Study Design: Systematic review

Methods: A computerized systematic search was conducted through Medline, SPORTSdiscus, Scopus, Cinhal, and Cochrane health
databases between February and April of 2014. Validity studies comparing human observation (real-time or video play-back) to
three-dimensional motion analysis of functional tasks were selected. Only studies comprising uninjured, healthy subjects conduct-
ing lower extremity functional assessments were appropriate for review. Eligible observers were certified health practitioners or
qualified members of sports and athletic training teams that conduct athlete screening. The Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) was used to appraise the literature. Results are presented in terms of functional tasks.

Results: Six studies met the inclusion criteria. Across these studies, two-legged squats, single-leg squats, drop-jumps, and running
and cutting manoeuvres were the functional tasks analysed. When compared to three-dimensional motion analysis, observer rat-
ings of lower extremity kinematics, such as knee position in relation to the foot, demonstrated mixed results. Single-leg squats
achieved target sensitivity values (> 80%) but not specificity values (> 50%). Drop-jump task agreement ranged from poor (<
50%) to excellent (> 80%). Two-legged squats achieved 88% sensitivity and 85% specificity. Mean underestimations as large as 19°
(peak knee flexion) were found in the results of those assessing running and side-step cutting manoeuvres. Variables such as the
speed of movement, the methods of rating, the profiles of participants and the experience levels of observers may have influenced
the outcomes of functional testing.

Limitations: The small number of studies used limits generalizability. Furthermore, this review used two dimensional video-
playback for the majority of observations. If the movements had been rated in real-time three dimensional video, the results may
have been different.

Conclusions: Slower, speed controlled movements using dichotomous ratings reach target sensitivity and demonstrate higher
overall levels of agreement. As a result, their utilization in functional screening is advocated.

Level of Evidence: 1A

Keywords: 3D motion analysis; functional screening; lower extremity; observation.
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BACKGROUND

Optimal performance and avoidance of injury, both
in sports and in everyday life, may depend on the
quality of lower extremity movement. While ana-
tomical variance is widely accepted, certain dynamic
lower extremity movement patterns have been cat-
egorized as potential precursors to non-contact lower
limb injury."? Excessive hip internal rotation has been
linked to patellofemoral pain,** non-contact anterior
cruciate ligament trauma®’ and illiotibial band syn-
drome.® Therefore, the assessment of functional tasks
including squats, single-leg squats and drop-jumps
have been used to evaluate an individual’s injury risk
and to direct the content of training programs.®

Multi-camera, three dimenional (3D) motion anal-
ysis has been found to have excellent reliability in
assessing lower extremity kinematic variables® and
is recognized as the gold standard in kinematic
assessment.'” Although highly sophisticated, the
cost, resource requirement and lengthy data col-
lection times make the use of 3D motion analysis
relatively uncommon. Alternatively, clinicians
commonly use visual or video observation to rate
functional movements and evaluate the quality of
lower extremity kinematics."''* During this form
of functional assessment, observers recognize that
proximal pelvic position impacts knee loading and
control™ while, distally, the foot can be used as a
reference marker to define knee position.'*

Therapeutic interventions and training programs
are strongly influenced by the results of movement
analysis. Therefore, it is important that clinicians,
who do not have access to 3D technology, have
alternative methods of rating movement. The cost-
effective nature makes observation the logical alter-
native choice in lower limb functional evaluation.
However, when conducting functional assessments,
assessors must be confident that the tasks under
scrutiny are sensitive enough to rule out those at
low risk of injury and specific enough to ensure that
high risk individuals do not pass unnoticed. While
sensitivity and specificity values highlight diagnos-
tic power, functional assessment of tasks can only be
valuable if validity is established. Being a necessary
condition of validity, the value of functional screen-
ing begins by establishing reliability.'

Several authors have investigated the levels of agree-
ment within and between observers assessing lower
limb kinematics.""'*!” Experienced physiotherapists
observing four lower extremity functional tasks
(two-legged squat, single-leg small knee bend, lunge,
and hop lunge) have demonstrated high levels of
intra-rater agreement and fair-to-good inter-rater
agreement.!” Similarly, Poulsen and James'® found
that novice clinicians assessing a single-leg squat
were able to track Knee Frontal Plane Projection
angle (FPPA), a measure of knee alignment used to
denote valgus projection. Inter-rater and intra-rater
agreement also exists between clinicians evaluat-
ing unilateral squats and lateral step-down tasks,
however, these levels of agreement were low." The
aforementioned results testify to observer reliabil-
ity. However, only a few studies have investigated
the validity of human observation using 3D motion
analysis as a reference standard and, to the best of
the authors’ knowledge, no systematic review of this
comparative literature has been conducted.

Therefore, the purpose of this systematic review is to
evaluate the validity of movement observation assess-
ments by summarizing the results of articles comparing
human observation in real-time or video play-back and
three-dimensional motion analysis of lower extremity
kinematics during functional screening tests.

METHODS

Data sources and search strategy

A computerized systematic search was conducted
through Medline, SPORTSdiscus, Scopus, Cinhal, and
Cochrane health databases between February and
April of 2014. Key search terms were gait or walk*
or “biomechanical analysis” or “functional analy-
sis” or “movement analysis” or “motion analysis” or
“kinematic analysis” or “3D motion analysis” or “2D
motion analysis” or “video analysis” or observation
and “lower extremity” or “lower limb” or leg. Key
words from returned studies, if not already included,
were incorporated into the search strategy. (Table 1).
Furthermore, the reference lists and ‘cited by’ appli-
cations within databases were perused in an attempt
to achieve an all-encompassing research yield.

Study selection
Study selection was defined by pre-determined
inclusion and exclusion criteria. Eligible studies
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Table 1. Key search terms)

Search strategy

gait OR walk* OR “biomechanical analysis” OR “functional analysis”
OR “movement analysis” OR “motion analysis” OR “kinematic
analysis” OR “3D motion analysis” OR “2D motion analysis” OR “video
analysis” OR observation

AND

“lower extremity” OR “lower limb” OR leg

were those comparing human observation of real-
time video play-back to 3D motion analysis of func-
tional tasks. It was pre-determined that only lower
extremity functional assessment would be appro-
priate and that the study samples had to comprise
uninjured, healthy subjects. Eligible observers were
certified health practitioners that incorporate obser-
vation in their assessments or qualified members of
sports and athletic training teams that conduct ath-
lete screening.

A stratified eligibility assessment was conducted.
Initially, study titles were reviewed and titles not
matching the inclusion criteria were excluded. Next,
the abstracts of selected studies were read, with inap-
propriate studies being excluded. Finally, full manu-
scripts of the chosen articles were reviewed. At this
stage, studies were excluded if they did not list the
health/injury status of the subjects, the vocation of
the observers or if it was not categorically stated that
human observation and 3D motion analysis were
the index test and reference standard respectively.
Figure 1 displays the study selection procedure.

Risk of bias evaluation

To evaluate the quality of the inclusive research, the
Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) was used. The QUADAS-2 was devel-
oped through the School of Social and Community
Medicine at the University of Bristol, England. The
tool has been used extensively in systematic reviews
aimed at the validity of diagnostic tests.'®?° The QUA-
DAS-2 consists of four key domains; patient selec-
tion, index test, reference standard, and flow and
timing. All four domains utilize a series of signalling
questions that assist in determining the risk of bias
within the study design. The first three domains also
address the study’s applicability to the review. In all
domains, each signalling question can be answered
“yes”, "no” or “unclear” and are phrased in such a

Literature search

N =1339
Cinahl = 82
Cochrane =522
Medline = 284
Scopus = 285
SPORT Discus = 166

Excluded due to titles not matching
the incision criteria or duplicates

N=1313

Abstracts
reviewed

N =26
Excluded abstracts
N=23
Manuscripts read and accepted
into review
N=3
Manuscripts retrieved from

reference lists and ‘cited by’
function in Scopus

:

N=3
All articles to be included
according to inclusion
criteria

N=6

Figure 1. Figure 1 - Search strategy.

manner that “yes” indicates a low risk of bias. The
creators of the QUADAS-2 indicate that if all ques-
tions within a domain are answered "yes”, then the
risk of bias is low. But if a signalling question is
answered “no”, then the potential for bias exist.*

Data extraction

The information extracted from the selected papers
consisted of participant anthropometrics (sex, age
and activity level), characteristics of observers (back-
ground, level of experience and amount of training
with functional tool protocol), and details of inter-
ventions (the number and description of functional
screening tools). The heterogeneity of populations,
tests and outcomes used precluded a meta-analysis
(Table 2). In terms of functional assessment, sen-
sitivity and specificity, respectively, highlight the
ability of a task’s rating to identify movement char-
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Table 2. Study descriptions and results

study Objective Subjects Raters Method/tests Outcome variables Results
Ageberget  To validate the 25 subjects (17 2 musculoskeletal Single-leg mini squat. Participants Independent t-tests to compare 10 subjects were scored knee-
al-2010 observation ofa  women) aged physiotherapists with were recorded using a bar for 2D and 3D data. A level of p < medial-to foot by observation.
single leg mini between 18-37. no previous experience  balance and looking down while 0.05 was chosen to indicate These 10 demonstrated higher
squat for Recruited from of the test scored knee-  bending their knee, without bending  statistical significance. The tibial (p=0.001) and thigh angles
assessing the the local to-foot position. Before  forward from the hip, until they receiver operating (p=0.001) in 2D demonstrating
position of the community. the study both were could no longer see their toes. This characteristic (ROC) curve to more knee valgus (p<0.001). In
knee in relation trained for the test by mini squat was repeated 5 times at determine the test’s ability to 3D, the knee internal rotation
to the ankle an experienced a defined speed. Opposite leg was discriminate between those angle was also larger (p=0.049)
joint. examiner. A 3™ held in slight hip flexion and with and without 2D medial but valgus/varus angle was not
examiner, blinded to approximately 80° knee flexion. Test  knee positioning. An area under  (p=0.589). Area under the ROC
the observation results ~ outcome variables; knee-over-foot the curve close to 0.5 indicates curve was 0.867 denoting a good
collected the 3D data. or knee-medial-to-foot. 2-D peak a poor test, and a value close to  test (SE 0.082, p=0.002).
tibial, peak thigh, and peak knee 1.0 indicates a good test
varus-valgus angles (degrees), and
3-D peak hip internal-external
rotation, and peak knee varus valgus
angles (degrees) were calculated
and used for validation of the
clinical test. 3D data was collected
simultaneously.
Ekegrenet  To determine 40 female 3 female A drop-jump task. Participants were  Physiotherapists’ ratings of 3D motion analysis revealed 15
al - 2009 the reliability participants physiotherapists witha  recorded dropping from a 31-cm each participant’s mean knee participants to be truly high risk
and validity of aged between mean clinical box onto an embedded force plate valgus motion was compared to  and 25 truly low risk. Sensitivity
observational 13-17. Recruited  experience of 12+3 then immediately performing a 3-D motion analysis. The lead targets as calculated with the
risk-screening in  asa years. All 3 were mailed  maximum vertical jump. 9 author gave each participantan ~ ROC were met only twice: by
evaluating convenience a 20 minute training CD  consecutive trails were conducted expert rating of high risk or low  rater 3 at time 1 (87%) and rater
dynamic knee sample from prior to testing. No with a 10 second rest between risk. A ROC curve was 1 at time 2 (87%). All raters
valgus during a local soccer mention of who trials. Throughout, the arms were constructed, linking the expert exceeded hypothesized specificity
drop-jump teams. collected 3D data. kept is a ‘stop’ position. Test ratings with each participant’s targets (time 1 = 72%,60% & 72%,
landing outcome variables; high risk (knee mean knee valgus motion value.  time 2 = 64%, 68% & 72%).
medial to 1% toe) or low risk (knee in  Desired sensitivity >80%; Although detecting some,
line with 1% toe). 3D data was desired specificity 250%. examiners missed certain high-
collected simultaneously. A validity cut-off point of risk participants captured by 3D
10.83° knee valgus motion was motion analysis.
chosen
Krosshaug To test the 3 test subjects 6 observers The participants performed trials of ~ Differences between each of Substantial accuracy errors were
etal-2007 accuracy and that were 22,23 experienced in both running and side step cutting the analysts’ estimates and the found at initial testing Mean error
precision of & 25 years old. ACL injury research and  maneuvers. 27 composite video marker-based measurements as  for knee flexion was 19°,
researchers in Gender not visual video analysis. recordings, combining different the gold standard for each indicating a consistent
estimating stated. Place of Professional/vocational ~ camera views. Knee variable were measured. Paired  underestimation. Hip angles were
kinematics from recruitment not background not stated.  flexion/extension, knee t-tests were used to examine if also underestimated
video sequences  stated. varus/valgus, knee internal/external  the training led to significant systematically by an average of
that resemble rotation, hip flexion/extension, hip improvements in the means 7°. Both hip and knee internal
situations adduction/abduction, hip internal/ (accuracy) for the differences rotations were underestimated
typically leading external rotation, approach velocity, between the estimates and the by 10° and 12°, respectively. Only
to ACL injuries. vertical velocity, cutting angle, and gold standard. For all analyses, small overall changes in the mean
internal/external rotation of the an alpha level of <.05 was used error and standard deviations
foot relative to the pelvis were to denote statistical were seen from the pre- to the
assessed. 35 composite videos were  significance. For the categorical post-training tests. Overall
then created from subject 3 for a variables (joint motion), a agreement between estimated
training session. After the training kappa-test was used to and actual direction of the joint
session, the initial 27 videos were compare the agreement motion was poor.
re-assessed. 3D data was collected between the estimates and the
simultaneously. gold standard. The strength of
agreement was classified as
follows: poor (value: <.20), fair
(.21-.40), moderate (.41-.60),
good (.61-.80), and very good
(.81-1.00)
Onateetal  toassessthe 19 female ( 2 certified athletic Participants were recorded Only the expert rater’s scores For LESS validity, the rater
-2010 validity of a mean age trainers scored 3 trials. performing a drop-jump task. The were used to calculate the phi achieved the following
simple clinical 19.5+.84) soccer 1 trainer was drop-jump was performed off a 30 coefficient correlations percentage agreement and Phi
jump-landing players considered an expert, cm box onto an embedded force between the LESS scores and correlation Item scores: 1=89.5%
movement- conveniently with 15 years plate that was 30 cm from the box. the 3D analysis. An alpha level & Phi=a, 2=21% & Phi=.118,
assessment tool, sampled from a experience, and 1 was On landing with both feet, of P <.05 was set a priori for 3=74% & Phi=-.130, 4=84% &
the LESS, in division 1 novice with less than 1 participants were instructed to jump  statistical significance. Phi=a, 5=95% & Phi=a, 6=42% &
identifying institution. year of experience. The  as high as possible, with the initial Individual item analysis Phi=a, 7=85% & Phi=-.233,
subjective 2- expert was involved in landing being used for analysis. 3 assessment of percent 8=100% & Phi=a, 9=74% & Phi=a,
dimensional developing the test trials were performed with a 1 agreement was calculated and 10=100% & Phi=a, 11=68% &
jump-landing instrument and, thus, minute rest in between trials. The defined as poor (less than 50% Phi=-.188, 12=10% & Phi=a,
motion analysis provided a 1 hour 1% of both raters trials was used for agreement), moderate (51-79%  13=74% & Phi=.456.
compared with training session for the analysis. 3D data was collected agreement), or excellent (80%
3-dimensional novice. simultaneously. The 13-point and above agreement)
high-speed landing error scoring system was
motion-analysis used to assess the quality of the
assessment drop-jump (see appendix 1 for
criteria).
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Table 2. Study descriptions and results (continued)

Weeks etal  To determine 22 healthy Eight experienced post-  Participants were recorded Stepwise multiple linear Neither physiotherapist
-2012 kinematic young adults (13 graduate trained performing 3 separate single-leg regression analysis was usedto  (1"=6.4+1.3 & 2”“:6.&1.3) or
predictors of men and 9 musculoskeletal squats on each leg. Start position determine joint kinematic student (1%=6.0+1.6 &
perceived Single- women; 23.8 £ physiotherapists and was opposite knee flexed to predictors. T-tests compared 2"d=6‘0_+1.7) ratings differed
leg squat quality 3.1 years of eight physiotherapy approximately 90 degrees, arms initial and repeat ratings. significantly between the two
for experienced age). Place of students in their folded across their chest, and occasions. Peak knee flexion
and student recruitment not  penultimate year of looking ahead. Participants asked to explained 33% (physiotherapist)
physiotherapists  stated. study. No test training squat as far as possible without or 36% (student) of the variance
and assess inter- stated. losing balance but depth was not in ratings of single-leg squat
and intra- rater standardized. The 2™ squat of both performance. Physiotherapist
reliability of legs was used for analysis. 3D data prediction was strengthened by
single-leg squat was collected simultaneously. 21% by adding peak hip
performance Raters viewed each video twice at Adduction and another 10% by
rating for normal speed with no exceptions adding knee mediolateral
experienced and and rated each performance with a displacement. The student’s
student 10-point ordinal scale, a score of 1 prediction was strengthened by
physiotherapists. representing ‘very poor’ and a score another 11% by adding knee
of 10 representing ‘very good’. All mediolateral displacement.
raters viewed and assessed the
videos again 2 weeks later
Whatman To investigate 23 (11 female) Sixty six New Zealand Participants were recorded Validity was assessed by Athletes visually rated as
etal-2013 the ability of healthy young registered performing 3 lower extremity comparing the peak 2D and 3D having a patella medial to the 2nd

physiotherapists
to visually rate
knee and pelvic

athletes (11+1
years old). All
participants

physiotherapists agreed
to visually rate the
video recordings. No

position in were part of a test training stated.
young athletes structured long

during lower term athlete

extremity development

functional tests,
specifically; (1)
to investigate
intra- and inter-
rater reliability,
(2) to investigate
the validity of
ratings and (3) to
assess the
influence of
clinical

programme and
competed in a

experience and
velocity of
movement on
rating ability.

variety of sports.

functional tests (squat, Single-leg
squat and Drop jump). All
participants were given
standardized verbal instructions.
The researcher demonstrated each
test. Practice for all tests was
allowed. 3D data was collected
simultaneously. For all tests,
physiotherapists responded “yes” or
“no” to the question, “Does the
patella move medial to the 2nd
toe”? Additionally for the Single-leg
squat, a “yes” or “no” response was
recorded to the question, “Does the
pelvis remain neutral in the frontal
plane”? All video clips were also
rated in the same manner by three
musculoskeletal physiotherapists
(all PhD or Masters qualified and all
senior academics with an average of
15 years clinical experience). 26 of
the initially selected
physiotherapists repeated visual
ratings 3-4 weeks later.

kinematic data between the
groups based on the consensus,
expert visual ratings (To be used
in this instance).

toe alignment were likely to very
likely to have increased peak 3D
hip internal rotation (SKB=99%,
DJ=98%, SLSKB=99%) and
adduction (SKB=93%, DJ=99%,
SLSKB=94%) in all tests. These
athletes were also almost certain
to have an increased peak FPPA
in the small knee bend tests
(SKB=100%, SLSKB=100%) and
very likely to have an increased
peak frontal plane projection
angle in the Drop Jump (DJ=98%).
Athletes rated as not maintaining
a neutral pelvis

in the frontal plane were almost
certain to have increased lateral
pelvic tilt as measured in 3D and

2D (both 100%).

acteristics that are considered high risk, while ensur-
ing those that are low risk are not falsely labelled as
high. When provided, sensitivity and specificity val-
ues have been reported.

RESULTS

Study selection

The search was conducted in Cinahl, Cochrane,
Medline, Scopus and SPORT Discus and returned a
total of 1339 studies. At the first selection stage, all
titles were reviewed which led to 1313 studies being
excluded for not matching the inclusion criteria or
as duplicates. Next, all remaining abstracts were
read and on the basis of the information provided,
23 additional studies did not meet the inclusion cri-
teria and were excluded. Following manuscript read-
ings, the final three articles were accepted into the

review. A further three articles were retrieved as a
result of checking the accepted articles reference
lists and the ‘cited by’ function in Scopus. (Figure 1).

Methodological quality evaluation results

The risks of bias and applicability concerns of the
included studies are presented in Table 3. Several
authors*? have highlighted the representational
problems associated with generating an overall qual-
ity “score” of clinical trials. Therefore, instead of an
overall score, this review has summarized the QUA-
DAS-2 results, including high risk areas.

Risk of bias was unclear for four studies due to a lack
of information relating to recruitment strategies,
inclusion and exclusion criteria, and subject anthro-
pometrics. The two remaining studies were deemed
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Table 3. Results of the QUADAS-2 methodological quality evaluation

STUDY RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX TEST REFERENCE FLOW AND PATIENT INDEX TEST REFERENCE
SELECTION STANDARD TIMING SELECTION STANDARD
Ageberg et )
al (2010) ! v v v 4 v v
Ekegren et b} o)
al (2009) X : : v v v v
Krosshaug
et al (2007) ? ? ? v ? v v
Onate et al b b}
(2010) X r r v v e v
Weeks et
al (2012) ? ? ? v v X v
Whatman ? ? ? ?
etal (2013) ! ! v v ! v
Icon representations:/ = low risk; X = high risk; ? = unclear risk

to be high risk for using convenience samples. Risk
of bias regarding index tests and reference standards
was unclear for five of the studies, with only one
clearly stating that both the index test and reference
standard were interpreted without knowledge of the
other’s results. All studies achieved a low risk rating
for flow and timing. One study was considered to be
an unclear risk in patient selection as age was the
only information provided in relation to participant
background, presentation and selection.

All six studies provided clear detail regarding the
application of 3D motion analysis, so were consid-
ered low risk of reference standard applicability. In
terms of the index tests, five of the studies scored
specific joint positions (hip and/or knee and/or
ankle) in the frontal, transverse and sagittal planes.
However, one study used a general scale of one to
ten with one representing ‘very poor’ and ten repre-
senting ‘very good’ and, as a result was considered a
high risk of index test applicability. Another study’s
index test applicability risk was unclear because
instead of a direct comparison, participant observa-
tions were validated with expert ratings which, in
turn, were validated by 3D motion analysis.

RESULTS

Single leg squat

Ageberg et al # and Whatman et al ® asked observers
to rate a single-leg squat by answering ‘yes’ or ‘no’
to whether the knee travelled medial to the 2" toe
during the movement. Observer results were then
compared to the findings of 3D motion analysis. The
Ageberg et al** observers were anteriorly positioned
to rate real-time movement and estimated that, of

25 participants, ten had knee-medial-to-foot. When
compared to 3D findings, the ten knee-medial-to-
foot participants had more hip internal rotation (p
= 0.049) than those deemed to have knee-over-foot
positioning (10.6° + 2.1° compared to 4.8° +1.8°).

Observers for Whatman et al® were asked to rate an
anterior view recording of a single-leg squat and they
achieved the target rating sensitivity value (>80%)
but not the target mean specificity value (>50%).
These results suggest that those with knee-medial-to-
foot alignment were likely to be identified, but that
those without medial knee movement had a higher
chance of being incorrectly classified.

Weeks et al* opted to use a ten point ordinal scale to
rate the overall quality of a single-leg squat, with a
score of one representing ‘very poor’ and a score of
10 representing ‘very good’ In this instance, observ-
ers rated an anterior view recording but were not
given rating guidelines for the use of the scale.
Instead, they were simply asked to rate the quality
of the movement, which resulted in an average score
of 6.4 + 1.3. When compared to the findings of 3D
motion analysis, variance in scores was predicted by
peak knee flexion (men = 86.2° + 13.0°, women =
71.5° + 7.3%), peak knee medio-lateral displacement
(men = 44.8° + 13.9°, women = 52.2° + 22.7°) and
peak hip adduction (men = 15.5° + 5.0°, women =
20.8° + 7.1°). Results that suggest the accuracy of
observation may depend on the joint or system of
joints at which altered movement occurs.

Drop-jump task
Whatman et al® and Ekegren et al*® compared
observer ratings to the results of 3D motion analysis
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of a drop-jump task. Using the same knee-to-foot
position rating as previously mentioned, observ-
ers in both studies rated anterior view recordings
and correctly identified enough participants with-
out knee-medial-to-foot alignment to achieve the
target specificity values (>50% in both). However,
the target sensitivity value (>80%) was only met
twice (87% and 87%) for Ekegren et al*® and, with
an overall score of 79%, was missed for Whatman
et al®. These findings suggest that those with knee-
medial-to-foot may go unidentified by observers of a
drop-jump.

Onate et al *’used the 13-point LESS to rate a drop-
jump. Medio-lateral right side and anterior view
recordings were provided for observer rating.
Observer agreement with 3D motion analysis was
found to be excellent (above 80%) for six of the
points, moderate (51%-79%) for four of the points
and poor (under 50%) for three points. Of all the
points, best agreement (100%) was found when
grading ‘toes greater than 30° internal rotation in
terms of foot position at initial contact’, and ‘stance
width greater than shoulder width' The three points
that resulted in poor agreement were knee flexion
at initial contact (21%), initial foot contact (42%)
and lateral trunk flexion at initial contact (10%).
Taken collectively, these findings suggest that the
precision of observation may be dependent on body
region under analysis.

Other functional tasks

Whatman et al’ compared observer assessment to 3D
motion analysis findings of a two-legged squat with
arms at the side. When asked to determine whether
the knee travelled medial-to-foot from anterior view
recordings, 88% sensitivity and 85% specificity
scores were achieved; both above the author's tar-
get values of >80% and >50% respectively. While
the majority of physiotherapists (1% quartile >80%
& >50%) achieved the target value, those with five
years more experience improved rating accuracy
(diagnostic odds ratio >2).

Krosshaug et al® found substantial accuracy errors
between observer ratings of video play-back and 3D
findings of a running and side-step cutting manoeu-
vre. With one camera at postero-lateral left side, one
at the right side (mid-stance) and one anteriorly

placed, observers used three different views to rate
the movement. Underestimations were seen in the
mean error for knee flexion (-19°), hip flexion (at
an average of 7°) and knee and hip internal rotation
(by 10° and 12° respectively). Multivariate regres-
sion analysis showed that knee flexion estimate
errors were significantly less when a side camera
was present (p=0.02), when the right leg (the one
closest to the camera) was analyzed (p= <0.001) and
when knee flexion was lower than 30% (p= <0.001).
Similarly, hip adduction/abduction estimate error
was significantly lower when a front camera was
included (p=0.017). In this instance, a significant
relationship was observed between the mean esti-
mate error and the true joint angle for 3-D valgus
(p=<0.001) and hip flexion (p=<0.001). Overall,
these results demonstrate that observation precision
is also influenced by range of motion and the plane
in which movement is observed.

DISCUSSION

The studies in this review explored levels of agree-
ment between human visual and video observation
and 3D motion analysis when assessing a range
of functional tasks. Clinically acceptable results,
in terms of the accuracy of observer ratings, were
achieved when slower, speed-controlled move-
ments such as a single-leg squat****° and a two-
legged squat’ were rated. Conversely, lower levels
of agreement were evident when faster, more explo-
sive movements such as a drop-jump*2”? or run-
ning and cutting manoeuvres® were assessed. While
some tasks may have been easier to rate than oth-
ers, several additional factors deserve consideration.
Varying task instruction, for similar tasks, may have
influenced rating accuracy. Furthermore, certain
characteristics of the observers used and the cho-
sen samples may have affected final sensitivity and
specificity values.

The accurate rating of a functional task will be
strongly influenced by how far the movement
under scrutiny varies from what is considered nor-
mal. Movement that borders on what is considered
to be normal may be harder to rate whereas varia-
tions, from normal, of a larger magnitude, become
more obvious and easier to rate. It may also be
fair to assume that, as the difficulty level of a task
increases, so too does the likelihood of movement
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beyond normal parameters. Therefore, rating accu-
racy, in each study may have been affected by how
tasks were being performed.

Different methods were apparent for the squat tasks.
Ageberg et* encouraged participants to achieve
approximately 50 degrees knee flexion, while What-
man et al®and Weeks et al*® encouraged participants
to squat as far as possible while maintaining control
and whole-foot ground contact. Considering that,
as knee flexion increases, so does hip flexion, and
that increases in hip flexion compromise hip abduc-
tion torque as the moment arm of gluteus medius
decreases,® those with more knee flexion may have
demonstrated a level of contralateral pelvic drop
that was easier to observe.

Upper extremity support used by Ageberg et al, >*dur-
ing single-leg squat may have reduced task difficulty
and therefore, rating accuracy. As Dingenen, Malfait,
Vanrenterghem, Verschueren and Staes® highlight,
knee loading during a single-leg squat is the result of
whole body loading. Therefore, engaging the upper
extremities may have aided trunk control, reducing
the magnitude of aberrant movement and making it
harder for observers to detect variance.

Higher drop heights, when drop-jumping, have been
found to significantly increase jump height (JH) and
relative peak eccentric force (RPEF).*’ However,
Barr and Nolte® failed to notice significant changes
between dropping heights of 24 cm (JH=0.38+0.05;
RPEF=4.15+0.91) and 36 cm (JH=0.37+0.04;
RPEF=4.36+0.72). Therefore, the different box
heights used across the studies, 31 cm,*® 30 cm? and
25 cm,? is unlikely to have influenced the control of
movement and task rating accuracy.

The sensitivity and specificity of any test that
requires human rating may be strongly influenced
by the skill-level and experience of the person con-
ducting the task. Novice raters using the Functional
Movement Screen™ (a battery of seven tests that
categorize fundamental movement) have previously
demonstrated substantial-to-excellent agreement
with expert findings.** However, when assessing the
quality of the movement pattern of a range of lower
extremity functional movements, experienced
physiotherapists have been found to have a higher
level of intra-rater agreement (87% [CI 76-94]) than

inexperienced (82% [CI 71-94]) and novice counter-
parts (80% [CI63-92])."” The variance associated with
lower levels of agreement, whether intra or inter-
rater, may increase the likelihood of poor movement
being rated as good and vice versa.

In this review the experience levels of observers
ranged from second-year students through to expert
raters with 15 years of experience and post-grad
qualifications. Interestingly, of the studies that com-
pared novice to expert ratings,®*?” only Whatman
et al® noticed a significant difference in drop-jump
ratings, with experienced physiotherapists achiev-
ing a substantial-to-excellent agreement (percentage
agreement 82-90%, first order agreement co-effi-
cient 0.65-0.81) compared to the fair-to-substantial
agreement achieved by the less experienced group
(PA: 76-86%, AC1: 0.56-0.78).

Previous investigators have used expert rating® and
3D motion analysis®* to demonstrate that individuals
with greater hip abduction, knee flexion and knee
extension torques are less likely to demonstrate aber-
rant hip and/or knee biomechanics. Therefore, the
baseline activity and strength levels of the partici-
pants involved in the studies may have determined
the ease with which observers could define lower
extremity kinematics and, thus, the overall sensitiv-
ity and specificity values. In this review, the three
studies rating a drop-jump all recruited active indi-
viduals,**%* From this group, both Whatman et al®
and Ekegren et al*® reported acceptable levels of
sensitivity and specificity for the task. Of the three
studies rating a single-leg squat, Whatman et al® (who
used an athletic population) and Ageberg et al** (who
used a mixed cohort of recreationally physically
active and not physically active) reported activitiy
levels of their participants. Weeks et al*® did not pro-
vide this detail. As only Whatman et al® offer single-
leg squat sensitivity and specificity values, it remains
hypothetical whether or not such values would be
similar in the studies using mixed populations.

When selecting a task for functional assessment,
consideration should be given to the functional rela-
tionship of the task movement and the underlying
activity the person partakes in.*® Running and cut-
ting manoeuvres were, in this review, arguably, the
movements that come closest to resembling sporting
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activity, however, they were also found to demon-
strate the worst rater agreement with 3D data. With
significant underestimations seen in a variety of hip
and knee movements, it is more likely that, when
assessing running-and-cutting, poor movement would
be rated as good and that sensitivity values would be
unacceptable.

Whatman, Hing and Hume?*® used 3D motion anal-
ysis to explore the relationship between five forms
of squatting and jogging. In doing so they found a
strong correlation between peak hip, knee and ankle
kinematics during the tests and jogging (r = 0.53-
0.93) and concluded that squat tests may help phys-
iotherapists determine dynamic lower extremity
alignment and risk of injury within jogging cohorts.
These findings, suggest that various forms of squat-
ting may offer a strong alternative to sports specific
movement when it comes to functional testing.

This review has several limitations that must be con-
sidered. The heterogeneity of populations, tasks and
outcomes used precluded a quantitative review such
as a meta-analysis. Furthermore, the small number
of studies identified limits the generalizability of the
results. This review focussed on lower extremity
kinematics during functional screening. However,
in practical terms, this compartmentalised approach
may be over-simplistic and lead to misinterpreta-
tions of injury risk. Those assessing functional tasks
must also understand the influence of and evalu-
ate trunk positioning and whole-body movement.
Finally, it is important to recognise that the majority
of the studies in this review used 2D video-playback
for observation. If the movements had been rated
live, in real-time 3D, the results may have been
different.

CONCLUSION

Lower extremity functional 3D motion analysis
is commonly used to identify movement patterns
that increase the likelihood on non-contact injuries.
However, the process can be expensive, resource-
dependant, and time-consuming. A growing body of
evidence exists, implying that human observation
of functional movement may be a reliable alterna-
tive to high technology. Although the reliability of
observation has been established, only a few stud-
ies have attempted to validate human observation

by establishing levels of agreement with the gold
standard; 3D motion analysis. From the existing lit-
erature, the results of this systematic review dem-
onstrate that the validity of human observation
depends on several performance and rating factors.
Assessing slower, speed-controlled movements such
as a two-legged squat or a single leg squat produced
acceptable levels of agreement with 3D. However,
agreement was poorer with faster, explosive move-
ments such as drop-jumps, running and cutting
manoeuvres. Although, the pelvis, hip, knee and
foot positions are often used to classify the quality
of functional movement, trunk and overall body
positioning impact heavily on lower extremity func-
tion and, thus, demand attention. These conclusions
need to be considered in light of the risk of bias asso-
ciated with the included studies. Further high qual-
ity studies are needed before a definitive statement
on the accuracy of visual assessment of faulty move-
ment patterns of the lower limb can be made.
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